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1 In this work, the production processes of heavy neutral scalar and 

pseudo scalar associated with standard model gauge boson at future 
Q_[ e + e~ colliders (ILC and CLIC) are examined. The total and differential 

cross sections are calculated for the processes in the context of the littlest 
Higgs model. Also dependence of production processes to littlest Higgs 
model parameters in the range of compatibility with electroweak precision 
measurements and decays to lepton flavor violating final states are ana- 
lyzed. We have found that both heavy scalar and pseudoscalar will be 
produced in e + e~ colliders. Also the depending on the model parameters, 
the neutral heavy scalar can be reconstructed or lepton flavor violating 
signals can be observed. 

Keywords: littlest Higgs model, heavy scalars, electron colliders, heavy 
Higgs, lepton flavor violation. 
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1. Introduction 

Standard model (SM) is an effective theory with a cut off scale around 
electroweak symmetry breaking (EWSB) scale. However in SM, Higgs 
scalar, giving mass to fermions and gauge bosons gets loop corrections to 
its mass up to cut off scale, which is called the hierarchy problem. The 
little Higgs models [H [21 S] are introduced to solve the hierarchy problem 
among the alternative solutions such as super symmetry, extra dimensions 
and dynamical symmetry breaking models. The little Higgs models propose 
a solution by enlarging the symmetry group of the SM. The constraints on 
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little Higgs models are studied [5"1 16| 171 IH1 l9l \10\ \TT\ . and the phenomenology 
of the little Higgs models are reviewed |12[ 1131 114j . The little Higgs models 
are also expected to give significant signatures in future high energy colliders 
and studied [13 13 DS US ED] • 

In the littlest Higgs model[lJ as a result of enlarged symmetry group, 
there appears new vector gauge bosons and also a new heavy scalar triplet. 
The appearance of new scalars in the littlest Higgs model result in lep- 
ton flavor violation when a 5D operator is implemented in the Yukawa 
lagrangian[2lj E2 E3 EH • 

In this work we examined the production of neutral scalar (</>°) and 
pseudo scalar (4> p ) associated with Zl boson in the littlest Higgs model at 
e + e~ colliders, namely, International Linear Collider (ILC) [25] and Com- 
pact Linear Collider (CLIC) [26]. To analyze the production rates, firstly the 
most promising channel e + e~ — > Zi(p° is analyzed. Since the final signals of 
<jp and (j) P is same, to analyze the behavior of the final states for the ener- 



processes involving <jr are also important for the <j) production. Finally, 
lepton flavor violating signals of neutral scalars as 'Zl+ mis sing energy" 
which characterizes the new neutral scalar and pseudoscalar to be littlest 
Higgs are analyzed|21j. 

In this paper, we present the relevant formulas and calculations in section 
2. In section 3, the results and discussions are presented. 



In the littlest Higgs model global symmetry SU(5) is broken sponta- 
neously to SO (5) at an energy scale / ~ ITeV leaving 14 Nambu Goldstone 
bosons(NGB) corresponding to broken symmetries. In the model SU(5) 
contains the gauged subgroup [SU (2)i ® U(l)i] ® [SU(2) 2 <g> Z7(l) 2 ]- As a 
consequence symmetry breaking, gauge bosons gain mass by eating the four 
of the NGBs. The mixing angles between the SU(2) subgroups and between 
the £7(1) subgroups are defined respectively as: 




2. Theoretical Framework 
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where gi and g\ are the gauge couplings of SU(2)i and U(l)i subgroups 
respectively. By EWSB vector bosons get extra mixings due to vacuum 
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expectation values of h doublet and <b triplet resulting the final masses to 

V 2 

p 



the order of ^ such as 



ML = 0, 
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Mi„ = i4-i 9 V-A^ (3) 



m?„ I ^ - 1 



where m 2 = gv/(2c w ) and x# = fffff' pgVjX^W) and Sw and Cw are 
the usual weak mixing angles. The parameters v and v' are the vacuum 
expectation values of scalar doublet and triplet given as[13|: 

(h°) = v/V2 , <#°) = v' < (4) 

bounded by electroweak precision data, where v = 246GeV . Also diago- 
nalizing the mass matrix for scalars the physical states are found to be the 
SM Higgs scalar H, the neutral scalar (f>°, the neutral pseudo scalar <p p , 
and the charged scalars <j) + and <p ++ . The masses of the heavy scalars are 
degenerate, and in terms of Higgs mass expressed as [13]: 



M = - ^ f M H . (5) 

1 1 (^'/y. 



The scalar fermion interactions in the model are written in Yukawa la- 
grangian preserving gauge symmetries of the model for SM leptons and 
quarks, including the third generation having an extra singlet, the T quark. 
The fermions in the littlest Higgs model can be charged under both U{\)\ 
and f/(l)2 subgroups [TQl, [13]. Also for light fermions, a lepton number vi- 
olating coupling can be implemented in Yukawa lagrangian[2"T| [22] which 
results in lepton flavor violation by unit two, such as: 

Clfv = iYijLf cPC^Lj + h.c, (6) 
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where Lj are the lepton doublets ( I v\ ), and Yy are the elements of 
the mixing matrix with Yu = Y and Y^u^j\ = Y' . The values of Yukawa 
couplings Y and Y 1 are restricted by the current constraints on the neu- 
trino masses [27], given as; My = Yijv' ~ 10 _10 GeV[2T]. Since the vacuum 
expectation value v' has only an upper bound(Eq. HJ, Yij can De taken up 
to order of unity without making v' unnaturally small. 

The parameters /; the symmetry breaking scale , and s, s'; the mixing 
angles of the littlest Higgs model are not restricted by the model. These 
parameters are constrained by observables of electroweak precision data and 
the direct search for a heavy gauge bosons at Tevatron[5j 13 [7J El [10]. In 
the case when fermions are charged under both U(l) groups, the allowed 
parameter space is listed as follows. For the values of the symmetry breaking 
scale ITeV < f < 2TeV, mixing angles are in the range 0.75 < s < 0.99 
and 0.6 < s' < 0.75, for 2TeV < f < 3TeV they have acceptable values in 
the range 0.6 < s < 0.99 and 0.6 < s' < 0.8, for 3TeV < f < 4TeV they are 
in the range 0.4 < s < 0.99 and 0.6 < s' < 0.85, and for the higher values 
of the symmetry breaking scale, i.e. / > 4TeV, the mixing angles are less 
restricted and they are in the range 0.15 < s < 0.99 and 0.4 < s' < 0.9 [10j . 



Table 1. The vector and axial vector couplings of e + e with vector bosons. Feyn- 
man rules for e + e~Vi vertices are given as ij^igVi + 5Ai7s) • 



vertices 



9v t 



9A t 



e + e Z L 



2c w 1 2 ^ Z *w 



2s 



2r„ 



2s 



+ 



^ x z (_l i 1J2) 
s'c' \ 5 i " 2 L J 



e + e Zh 



—gc/As 



gc/As 



2s' c' \ 5 Z 2 L ) 



e + e~A 



H 



e + e~A L 



In the model, the couplings of vector bosons to fermions are written 
as ij^gVi + 9 Ails) where i = 1,2,3,4 corresponds to Zl, Zh, Ah and 
Al respectively. The couplings of gauge vector to e + e~ pairs are given 
in table [H where y e = |, e = y/Aira, = —^sc(c 2 — s 2 ) and x% = 
— ■^-s'd{c' 2 — s' 2 ). The total decay widths of SM vector bosons also get 

W 2 

corrections of the order since the decay widths of vectors to fermion 

couples are written as; T(Vi — > //) = -^{dy + 9a)-^V^ where iV = 3 for 
quarks, and N = 1 for leptons. The total decay widths of the new vector 
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bosons are given as [18j: 



g' 2 M Ah (21 - 70s' 2 + 59s /4 ) 
" 48vrs' 2 (l -s' 2 ) 



g 2 (l93 - 388s 2 + 196s 4 ) 
Fz * W 768tts 2 (1-s 2 ) Mz - (7) 

The final decays and also the decay widths of (fP and <j) P are studied 
in detail in Ref. |21j. and they are strongly dependent on the VEV of the 
scalar triplet; v'. For v' > lGeV, the decay modes of <jP include decays 
in to quark pairs; tt, bb and tT+Tt, and also decays into SM pairs; ZlZl 
and HH. In this case the decays of 4> p are similar to (jP as the decays 
in to quark pairs; tt, bb and tT+Tt, and to SM Z^H couples different 
from For v' ~ W~ 10 GeV , the non leptonic decays are suppressed by 
a factor of — for both and (j) P , and the final states contain only lepton 
flavor violating decays to ViUj + ViVj. In this work, we analyze the cases 
v' ~ lGeV (Y « 1) and v' = W- 10 GeV (Y ~ 1). The decay widths of 
scalars in these cases can be written as 1 2 1 1 : 



^^^(M 2 + M 2 ) + ^J., 

8vr 



j10 -io) Si TftLFV) = ~^r M <t>- (8) 



The properties of new neutral scalar (j) , its couplings to SM and new 
neutral vector bosons can be examined in single production of (jp associated 
with Zl events. The couplings of (jp to Zl and vectors are in the form 
ig^yBi, where i = 1,2,3 corresponds to Zl, Zh, Ah respectively and given 
in table [21 where so — 2\^2^. The Feynman diagrams contributing this 
process are given in figure [TJ 

The pair productions of neutral heavy scalar and pseudo scalar asso- 
ciated with Zl via e + e _ — > Zl4> 4> , e + e~ — > Zl4> p 4> p and e + e~ — > 
Zl(/)°4> p are also examined in this work. The Feynman rules for scalar- 
vector couplings are given in table [21 the Feynman rules for four point 
scalar (pseudoscalar)-vector couplings are given in table [3] and the Feyn- 
man rules for pseudoscalar-vector-scalar couplings are given in table [H 
where sp = J^^ v a ~ 2\/2^-. The Feynman diagrams for the processes 

e + e~ — > Zl(/) 4> , e + e" — > Zl4> p 4> P and e + e~ — > Zl$*$ p are presented in 
figures [21 [3] and H] respectively. 
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Table 2. The Feynman rules for <fi°ViVj vertices. 



i/j 


vertices 




1/1 


0°Z L Z L 




2/2 


4>°z H z H 


h9 2 (vs + { -^g^V2v') 9tu , 


1/2 


<f>°z L z H 




2/3 


cfPZ H A H 




1/3 


(fPZ L A H 




3/3 


0°A H A H 


y 2 (vso + {c ys y ^ v ') a»u 



Table 3. The Feynman rules for four point interaction vertices between scalars and 
vectors. Their couplings are given in the form iC^g^, and iC P g^ lL , respectively for 
(jp <jP Vj Vj and <j) p <p p Vj Vj . 



i/j 


vertices 




vertices 




1/1 


<tP<t>°z L z L 


2i-prguv 
. \\t, ,, 


<f<fz L z L 


■ q' 2 

A "II .1 


1/2 


<j> 4>°z L z H 


n-9 2 (c s ) 

Ll c„ 2sc 9fiv 


<f<fz L z H 


n-9 2 (c 2 -s 2 ) 

m c„ 2sc 9fiv 


1/3 


^<P Z L A H 


^ c w 2s' c' 9fiv 


<f<fZ L A H 


2i c w 2s'c' 9fiu 




Fig. 1. Feynman diagrams contributing to e + e — » in littlest Higgs model. 




Fig. 2. Feynman diagrams contributing to e + e — > Zl<)) P 4> p in littlest Higgs model. 
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Fig. 3. Feynman diagrams contributing to e + e — > Z^cfPcfP in littlest Higgs model. 



Table 4. The Feynman rules for (f> p ViSj vertices. 



i/j 


vertices 


~ iE ij(Pj -P<t> p ) 


1/1 


4> F az L 


\-tS Sp ~ 2s o) (?y ~Ph)h 


1/2 


^^z L 


—k{P<pr-P^)n 


2/1 


p HZ H 


29 { 2,r H^P 2s 0)(P<t> p Ph)^l 


2/2 


4> p 4>°z H 


9 2,r. L (P<t> P P<t>°)» 


3/1 




\g' { 2s v H*p 2s o)(jv ph)^ 


3/2 


4> p 4>°a h 


9 2s' r' \P<t> p P<P)H 
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v-M) 
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,-0°( P 4 
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Fig. 4. Feynman diagrams contributing to e + e — > Zl4> {) 4> in littlest Higgs model 



Z L </>' 



3. Results and discussions 

In this section the results for the processes e + e~ 
,cuo e + 



z L <tP 



e + e 



e^e 



ZL(ft P (j) P and e + e — > Z^cf) ^ are presented. The nu- 



merical values of the input parameters are taken to be: the Higgs mass 
Mh = 120GeV and the masses of standard model bosons Mz L = 91GeV, 
Mw L = 80GeV, and the fine structure constant a = 1/137.036, consistent 
with recent data[29j. The numerical calculations of cross sections of the 
production processes are performed by CalcHep[30] generator after imple- 
menting necessary vertices. 



• z, 



10' 
10° 
10" 1 

io- 2 

10" 3 
10" 4 




1000 



s=0.80,s'=0.60,f=1000GeV 
s=0.90,s'=0.60,f=1000GeV 
s=0.95,s'=0.60,f=1000GeV 
s=0.80,s'=0.60,f=2460GeV 
s=0.90,s'=0.60,f=2460GeV 



1500 2000 
VS [GeV] 



2500 



3000 



Fig. 5. Total cross section versus center of mass energy graphs of the process 
e+e~ — s- Z^cjP for some selected values of littlest Higgs model parameters when 



= lGeV. 



For the examination of the production of heavy neutral scalar cfp at lin- 
ear colliders, the single production of c/P associated with Zl is the most 
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dominant channel. For this process, total cross section is plotted with re- 
spect to center of mass energy in figure [5] for different values of symmetry 
breaking scale / and mixing angles s and s' allowed by recent constraints. 
In these calculations the VEV of the scalar triplet is taken to be v' = lGeV 
allowed by the limit given in equation HI It is seen from figure [5] that, 
for symmetry breaking scale / = ITeV, and s/s' = 0.80/0.60, the total 
cross section is at the order of 10~ 2 pb for y/S ~ 1000 — 3000GeU. For 
parameters / = ITeV and s/s' = 0.90/0.60(0.95/0.60), the total cross 
section is at the order of 10" 2 pb for \/S > 1200(1500)GeV . Also for 
these parameter sets, a resonance corresponding to heavy gauge boson 
Zjj exist at y/S ~ 900(1100)GeV r increasing the total cross section up 
to 0.1(l)pfe. Unfortunately these resonances can have significance only if 
<p° can be reconstructed. For / = 2.5TeV, the cross section versus y/S 
graphs are also plotted in figure O for mixing angles s/s' = 0.80/0.60 and 
s/s' = 0.90/0.60. In both set of parameters total cross section is about 
5 x 10~ 3 pb for y/S > 2TeV. Also for s/s' = 0.90/0.60, total cross sec- 
tion receives a peak up to O.lpb about y/S ~ l.&TeV corresponding to the 
resonance of Zh- Finally the production of (jP via e + e~ — > Z^c/r process 
is possible for low values of symmetry breaking scale / = ITeV, for both 
lLC{y/S = ITeV) and CUC(VS = 3TeV). However for higher values of /, 
this channel is not promising. 

For v' ~ lGeV, the neutral scalar <fp dominantly decays into quark 
pairs tt and tT + iT, with branching ratios of 0.8 and 0.2 respectively |21j. 
Thus, the channel e + e~ — > Z^ti is promising for cfp observation. In this 
channel, there will be more than thousands events which are observable 
as a contribution of e + e~ — > Z^cfP process. Also in this channel, the SM 
background is at the order of 10~ 2 pb at y/S = ITeV, and reduces to 10 _4 p6 
for \/~S ~ ITeV . So, for > ITeV, the collider signal Z^tt is dominated 
by the decays of neutral scalars produced via e + e~ — > Z^cp® process. And 
also, by applying a cut on the energy of final state tt pair, i.e. E t i > M^, 
will suppress the background contribution from SM. So in this channel, 
can be observed and reconstructed from ti jets for y/S > ITeV. 

For the double production of neutral scalar and pseudoscalar via e + e~ — > 
Z^cfPip , e + e~ — > Zl(P P (/) P and e + e~ — > ZL<p°(p p processes, differential 
cross section versus energy of Zl graphs are plotted in figures El [7] and 
E respectively, for / = ITeV, and s/s' = 0.80/0.60,0.90/0.60,0.95/0.60 at 
y/S = 3TeV. In these calculations VEV of the scalar triplet is taken to be 
v' = 3GeV. It is seen from the figures that the production rates are not 
strongly dependent on mixing angles s/s' in the parameter region allowed 
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s=0.80,s'=0.60 
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Fig. 6. Differential cross section versus energy of the boson garphs of the 
process e + e~ — > ZL<fi°(j) for some selected values of mixing angles when / = ITeV 
and v' = ZGeV at s/S = 3TeV. 



For the production process e + e~ — > Zl4> 4> , the differential cross section 
is at the order of W~ 4 pb/GeV . The corresponding total cross section is 
calculated by integrating over Ez and found to be 0.25pb. At CLIC, the 
expected luminosity is 100/6 -1 , which will result more than few thousands 
of production events in this channel. At ILC the expected center of mass 
energy is about 0.5 — ITeV, hence this production channel is out of reach 
due to kinematical limits from high values of scalar mass M^. 





s=0.80,s'=0.60 

s=0.90,s'=0.60 

s=0.95,s'=0.60 




(v'=3GeV) 


,s".^.--«.•««' t ""- 3, - - 5 -*-"5^ 



200 400 600 800 1000 1200 1400 
E(Z)[GeV] 



Fig. 7. Differential cross section versus energy of the Zl boson graphs of the 
process e + e~ — > Zl4> f '</> p for some selected values of mixing angles when / = ITeV 
and v' = SGeV at v^= 3TeV. 
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In the littlest Higgs model, the single production of pseudoscalar (f> p 
associated with Zl is not allowed. So the most promising channel for <p p 
production is e + e~ — > Zl4> p <\> p ■ In this channel, the differential cross sec- 
tion is calculated at the order of 10 -6 'pb/GeV for all allowed values of mixing 
angles when / = \TeV{F\g. [7|). The maximum value of cross section for 
this process is calculated as 3 x 10~ 3 p6 at \J~S = 3TeV. For an integrated 
luminosity of 100/6 -1 , up to a few hundreds of cj) P will be produced within 
Zl- 

For the process e+e~ Z L </>°<I> P , the maximum value of differential 
cross section is about \0~ s pb/GeV . The corresponding total cross section 
at y/S = 3TeV is calculated as 10~ 5 pb. So in this channel the production 
rate is not promising. 

Table 5. The total cross sections in pb for production of neutral scalars for / = 
ITeV and at y/s = 3TeV when v' = 3GeV and v' = 1(T 10 GW. 



process 


a{pb)[v' = 3GeV] 


a(pb)[v' = 10 lu GeV] 




w-' 2 


10 -23 


Zl^^ 


0.25 


2.8 x 10~ 3 


z L 4> p <P p 


2.8 x KT 3 


2.7 x 10~ 3 


Z L W 


1.0 x 10~ 5 


1.0 x 10" 5 



A distinguishing feature of neutral scalars in littlest Higgs model is their 



e + , e" -> Z L ,*°,<I> P 





s=0.80,s'=0.60 

s=0.90,s'=0.60 

s=0.95,s'=0.60 


- 1 


(v'=3GeV) 



200 400 600 800 1000 1200 1400 
E(Z)[GeV] 



Fig. 8. Differential cross section versus energy of the Zl boson graphs of the 
process e + e~ — > Zl4>°4> p for some selected values of mixing angles when / = ITeV 
and v' = ZGeV at y/S = 3TeV. 
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lepton flavor violating decay modes. For lepton flavor violation to be domi- 
nant, the VEV of the triplet should be at the order v' = \0~ 10 GeV . For this 
value, all other decays of the neutral scalar and pseudoscalar are suppressed. 
In table [SJ the total cross sections of the Zl associated productions of the 
neutral scalar and pseudo scalar are given for s/s' = 0.8/0.6, / = ITeV at 
y/S = 3TeV for v' = 3GeV and v' = 10~ w GeV. 

For the process e+e" Z L (j) , at v' = W~ 10 GeV, the production cross 
section is at the order of 10 _23 pfe. This is due to the explicit dependence 
of scalar vector vector couplings on the triplet VEV. Thus, for this channel 
observation of any lepton flavor violation is not possible. 



1000 




10° 10"* 10 - ' 
V [GeV] 



Fig. 9. Thin lines: Dependence of total cross section on the VEV of the scalar 
triplet v' when / = ITeV and s/s' = 0.80/0.60 at VS = 3TeV for Z L associated 
pair production of neutral scalar and pseudoscalar. Thick line: Dependence of 
heavy scalar mass Ma, on v' . 



For double production of neutral scalars within Zl, dependence of cross 
section on v' is plotted in figure El for / = ITeV at VS = 3GeV. It 
is seen that for v' < 0.1 GeV, total cross section is not dependent on v'. 
This is due to mass of the heavy scalars, which is steady with respect to 
variations of v' in this region (Fig. [9]). In figure [TUl the total cross sections 
of the processes e + e~ — > ZLcjPcfP , e + e~ — > Zl4> p 4> p and e + e~ — > Zi(f) P (fP 
are plotted with respect to center of mass energy, for / = ITeV, s/s' = 
0.80/0.60 and v' = 10- 10 GeV. For v' = 10~ 10 , the total cross section of 
the processes e + e~ — > Zl4>°4>° and e + e~ — > Zl4> p 4> p are at the order of 
10~ 4 pb at VS ~ 2TeV, and increases smoothly to 2.8 x 10 3 pb as center of 
mass energy approaches to 3TeV. Since the value of the Yukawa coupling is 
Y ~ 1 in this scenario, for an integrated luminosity of 100/6 -1 , the number 
of lepton flavor violating events per year will be close to a thousand. For the 
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process e + e — > Zj^cp < 4 > > the total cross section is not sufficient to produce 
lepton flavor violating events. 



Fig. 10. Dependence of total cross section on center of mass energy when / = 
ITeV, v' = 10~ 10 and s/s' = 0.80/0.60 for Zl associated pair production of neutral 
scalar and pseudoscalar. 

In figure HH we have plotted the number of lepton flavor violating final 
states with respect to v' , for a linear collider with an integrated luminosity 
of lOO/fr -1 at y/S = 3TeV. For these events the collider signature will 
be "ZL+missing energy". The SM background in this channel is mostly 
produced via e + e~ — > Z^vv processes which has a total cross section of 
5pb. So for this channel, only applying a constraint on the energy of the 
Zl boson can improve the signal background ratio. By choosing Zl bosons 
carrying the recoil momentum of the scalar pair, i.e. Ez L > 2M^, SM 
contributions suppressed to 3000 events at \/~S ~ 3TeV. In this case the 
final state analysis will give important results since this signature makes 
<jp and (j) P indistinguishable but quite different in appearance from their 
counter partners in either SM or two Higgs doublet model. 

In conclusion, the new heavy scalar cfp and pseudoscalar cf) P of the lit- 
tlest Higgs model will be produced in e + e~ colliders associated with Zl- 
The production rates significantly depend on the symmetry braking scale 
parameter / and the vacuum expectation value of the scalar triplet v' . For 
/ = ITeV and v' ~ lGeV highest production rates are achieved in both 
channels. For these parameter set, the productions are quite detectable 
in the channel e + e~ — > Zl4>° when y/S > 0.8Tey and in the channels 
e + e~ — > ZicjPcfP and e + e~ — > Zi(j) P (j) P when \/~S > 1.7TeV. However 
in the channel e + e~ — > Zicj) ^, there is no significant production rate. 
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Fig. 11. Dependence of total number of lepton flavour violating final states on 
the vacuum expectation value of the scalar triplet v' when / = ITeV and s/s' = 
0.80/0.60 at y/S = 3TeV for Z L associated pair production of neutral scalar and 
pseudoscalar. 



For higher values of symmetry breaking scale / ~ 2.5TeV, the produc- 
tion is achieved only in the channel e + e _ — > Z^cjP for y/~S > 1.8TeV . For 
v' ~ lGeV, the channel e + e~ — > Zicj) is the most promising channel for 
reconstruction of (fP from ti pairs. The effects of the littlest Higgs model 
heavy scalar can be observed in Z^tt final states in electron colliders. For 
v 1 ~ W~ 10 GeV and / = ITeV, an interesting and distinguishing feature of 
the littlest Higgs model is on stage. In this case, final decays of the neutral 
scalar and pseudoscalar are totally lepton flavor violating with a collider 
signature of missing energy accompanied by a SM Zl boson. For this value 
of v 1 , the productions in the channel e + e~ — > Z^cfP is not possible, but 
in the channels e + e~ — > Zi4>°(f> and e + e~ — > Zl4> p 4> P the productions of 
(fp and 4> p are still observable. Although these channels contain high SM 
background, the productions and final lepton flavor violating decays of (fP 
and (j) P can still be examined at e + e~ colliders. 
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